Objective: To evaluate the association between cardiovascular disease (CVD) and spinal cord injury (SCI) in a large representative sample.
Over the last decade, there have been marked changes in the trends of morbidity and mortality among individuals with spinal cord injury (SCI). With advances in acute care and in the management of septicemia, renal failure, and pneumonia, cardiovascular complications are now a leading cause of death in those with SCI. 1 Moreover, several risk factors for cardiovascular disease (CVD) are amplified in individuals with SCI compared with able-bodied individuals, including physical inactivity, dyslipidemia, blood pressure irregularities, chronic inflammation, and abnormal glycemic control. While most of the literature with respect to CVD and SCI has shown a higher prevalence of risk factors for CVD, relatively few studies have examined the prevalence of CVD itself and corresponding risk estimates. [23] [24] [25] [26] None of these studies has provided direct comparisons of risk estimates for multiple CVD outcomes in the SCI population compared to a non-SCI population, with appropriate adjustment for confounding, in a large representative sample.
It thus remains unknown whether there is excess risk of both heart disease and stroke (after adjustment for potential confounders) in individuals with SCI. The current study addresses this knowledge gap by utilizing the national Canadian Community Health Survey (CCHS), which is comprised of comprehensive, up-to-date, cross-sectional data. Our aim was to estimate the prevalence of heart disease and stroke outcomes in the SCI population, to compare their risk with a non-SCI population, and to investigate this relationship after controlling for confounders.
METHODS Data source. This study utilized data from the CCHS 2010 Annual Component. The CCHS is a comprehensive national cross-sectional survey conducted by Statistics Canada. It provides data obtained by trained interviewers on individuals aged 12 and over residing in households in all the provinces and territories. Those living on reserves or Crown lands, full-time members of the Canadian armed forces, and those living in institutions (prisons, hospitals, universities) are excluded from the survey. The CCHS includes data on a range of topics, including access to health care services, health care utilization, lifestyle behaviors, sociodemographic information, and health status. Statistics Canada utilizes a multistage, stratified cluster sampling design, more details of which are provided elsewhere. 27 Standard protocol approvals, registrations, and patient consents. Ethical approval for the use of the data was obtained via the publicly available data clause from the University of British Columbia, in accordance with the Tri-Council Policy Statement.
Exposure and outcomes. The primary outcome variables in this analysis were self-reported heart disease and stroke. Stroke status was obtained with the following question: "Do you suffer from the effects of a stroke?" Heart disease status was obtained with the following question: "Do you have heart disease?" An individual could respond "Yes" to both questions asking about heart disease and stroke. The primary explanatory variable in this analysis was selfreported SCI. SCI status was obtained with the following question: "Do you have a neurological condition caused by a spinal cord injury?" During the survey, individuals were given the following reminder: "Remember, we're interested in conditions diagnosed by a health professional." Only those with valid responses for the primary explanatory variable and outcome variables were included in the analysis. Nonrespondents (those in the categories of "don't know," "refusal," and "not stated") were excluded.
Confounding: Definitions and variable selection. Confounding was assessed both from a theoretical (i.e., causal) perspective based on previous studies as well as a statistical perspective (i.e., in examining changes in effect sizes in the presence/absence of possible confounders). We used the commonly accepted definition of confounding: a factor "x" is a confounder if factor x is a known risk factor for the outcome/disease (in this case, heart disease or stroke), and factor x is associated with the primary explanatory variable (in this case, SCI), but is not a result of the primary explanatory variable. 28 Thus, factors that are associated only with CVD but not SCI, factors that are associated only with SCI but not CVD, or factors that are the result of SCI that might lead to CVD did not meet the criteria for confounding, and are not adjusted for in the final analysis.
Risk factors for CVD have been well-documented in the Framingham study, which identified the following risk factors and used these to calculate a 10-year absolute risk of sex-specific general CVD: age, diabetes, total cholesterol, high-density lipoprotein cholesterol, systolic blood pressure, and smoking status. 29 The recent Canadian global INTERHEART study identified similar risk factors for myocardial infarction, including dyslipidemia, smoking status, diabetes, hypertension, abdominal obesity, stress, lack of daily consumption of fruits and vegetables, and lack of daily exercise, in more than 37,000 individuals from 55 different countries and cultural environments. 30, 31 Risk factors for traumatic SCI include age and sex. 32 Risk factors for nontraumatic SCI are more difficult to examine, as nontraumatic SCI includes tumor-related, congenital/developmental (e.g., spina bifida), infectious (viral, bacterial, fungal, parasitic), inflammatory (e.g., multiple sclerosis), and ischemic causes, as well as several others. 33 However, sex and age are well-known risk factors for the majority of nontraumatic SCIs. 32 Sex and age were thus selected a priori as possible confounders. [23] [24] [25] Sensitivity analyses were however performed to examine the effect of additional self-report covariates (daily energy expenditure, obesity [using body mass index], hypertension, smoking status, daily alcohol consumption, daily consumption of fruits and vegetables, and diabetes) on the reported effect sizes.
Statistical analyses. Logistic regression models were obtained separately for the binary outcome stroke and the binary outcome heart disease with SCI (binary) as the main explanatory variable. Both bivariable and multivariable logistic regression models were developed. Multivariable logistic models also included age (treated as a continuous variable) and sex. Using the results from the logistic models, both unadjusted and adjusted odds ratios (ORs), with corresponding 95% confidence intervals (CIs), are presented. The CCHS sampling design (clustering and stratification) was accounted for in the analyses using probability weighting. Probability weights were obtained by dividing the frequency weights provided by Statistics Canada (these correspond to the number of persons represented by the individual) by the average frequency weight for the given sample. Reported percentages and ORs are weighted. SAS statistical software (SAS Institute, Cary, NC, version 9.3) was used for all analyses.
RESULTS Study sample. After excluding those with invalid responses for the primary explanatory and outcome variables, the final study sample included 60,959 individuals for the SCI/heart disease analysis and 61,031 individuals for the SCI/stroke analysis (table 1) . There was a similar proportion of male and female subjects (table 1) in both analytic samples. The median age category for both analytic samples is also shown in table 1.
There were a total of 354 unique individuals with SCI who had a valid response to the heart disease question and 356 unique individuals with SCI who had a valid response to the stroke question (table 1) . This yielded a prevalence of 0.49% for SCI in both analytic samples (table 1) . Among the individuals with SCI, there was a higher proportion of males vs females (table 2) . The age distribution for those with SCI is also shown in table 2, with the highest prevalence among the 50-54 years age group. Among the entire sample, the prevalence of stroke and heart disease was 1.1% and 5.0%, respectively. The prevalence of individuals with both stroke and heart disease was 0.38%. The proportion of male subjects with stroke was higher than that of female subjects with stroke (table 1) . Similarly, the proportion of male subjects with heart disease was higher than that of female subjects with heart disease (table 1). The median age category for individuals with stroke and heart disease was higher than for those without (table 1). The proportion of individuals with stroke and heart disease steadily increased with age, with 75% of strokes and 72% of heart disease cases accounted for by individuals greater than 60 years of age.
SCI and CVD. Among individuals with SCI, the prevalence of stroke was 5.7% compared to 1.1% in individuals without SCI. Similarly, among those with SCI, the prevalence of heart disease was 17.1% compared to 4.9% in individuals without SCI. Thus, the prevalence of stroke and heart disease was higher among individuals with SCI compared to those without.
ORs: SCI and heart disease. Table 3 provides unadjusted and adjusted ORs for heart disease. The odds of heart disease was 4.01 times greater in individuals with SCI vs individuals without SCI (95% CI 2.96-5.44). After adjusting for sex and age, the heightened odds persisted but was reduced; the fully adjusted OR for heart disease was 2.72 (95% CI 1.94-3.82), suggesting confounding by sex and age. In examining the adjusted ORs from the model adjusted for sex only and the model adjusted for age only, it appears that both age and sex were important confounders (results not shown).
ORs: SCI and stroke. Table 3 provides unadjusted and adjusted ORs for stroke. The odds of stroke was 5.68 times greater in individuals with SCI vs individuals without SCI (95% CI 3.46-9.32). After adjusting for sex and age, the OR for stroke was 3.72 (95% CI 2.22-6.23), suggesting confounding by sex and age. In comparing the adjusted ORs from the model adjusted for sex only vs the model adjusted for age only, it appears that age was a more important confounder (results not shown).
Nonrespondents. For the SCI/heart disease analysis, 1,950 individuals were excluded based on nonresponse; for the SCI/stroke analysis, 1,878 individuals were excluded based on nonresponse. Since sex and age were collected on all participants regardless of their response to the SCI/CVD questions, both sex and age of the nonresponders were examined. The sex distribution of nonresponders (52.0% male; 48.0% female) showed a slightly higher proportion of male subjects than in the responders. The median age category for nonresponders was the same for responders (40-44 years).
Sensitivity analyses. Variables such as smoking, obesity, hypertension, physical inactivity, lack of consumption of fruits and vegetables, alcohol consumption, and diabetes status were examined in the multivariable models. Although it is debatable whether these variables meet the criteria for confounding, due to the nature of these composite variables, we wanted to examine the robustness of our results to their inclusion in the models. The inclusion of each of these variables did not significantly change the estimated ORs adjusted for sex and age only (for either stroke or heart disease). With stepwise inclusion of these additional variables into the regression models, the adjusted ORs for heart disease ranged from 2.63 to 3.10, all remaining statistically significant. Likewise, the ORs for stroke ranged from 3.35 to 3.82, all remaining statistically significant. Thus, these covariates were likely not confounding factors. DISCUSSION The present study utilized a comprehensive national survey with data collected from more than 60,000 individuals to investigate the relationship between CVD and SCI. Here, we demonstrate for the first time in a large representative population that SCI is independently associated with a significant increased odds of both heart disease and stroke-a more than 2-and 3-fold increase, respectively. To put these values into context, the heightened ORs reported here are similar in magnitude to the estimated ORs in the general population for the relationship between smoking and myocardial infarction (MI) and diabetes and MI, and are in fact higher than those for the relationship between hypertension and MI and abdominal obesity and MI. 30 That individuals with SCI are at an increased risk of CVD is in line with previous evidence. Namely, risk factors for CVD are amplified in individuals with SCI, relative to able-bodied individuals. In addition to the immobility caused by SCI, individuals with SCI have unique disadvantages that may further contribute to these risks relating to the disconnection between autonomic circuits and supraspinal control. As an example, significant lability in blood pressure, from extreme hypotension during episodes of orthostatic hypotension to extreme hypertension during episodes of autonomic dysreflexia, are typical post SCI and unique features of SCI. 8, 9 Researchers have speculated that this blood pressure instability could result in vascular injury, and consequently results in a greater risk for arterial disease in individuals with SCI. 34 In addition to these studies examining risk factors, others have reported a hazard ratio of 2.85 for stroke in individuals with SCI (using age-, sex-, and propensity score-matched controls) from a longitudinal sample of more than 20,000 Taiwanese individuals, but this study did not examine other cardiovascular outcomes such as heart disease. 25 Similarly, a longitudinal study among diabetic American veterans with SCI reported an increased risk of "macrovascular complications" (including stroke and heart disease) compared to nondiabetic veterans with SCI, but this study did not include separate risk estimates for stroke and heart disease, and did not include a control group. 23 In addition, another group demonstrated an increased risk of ischemic heart disease in a small convenience sample of male subjects injured before 1974. 24 Taken together, these biological and epidemiologic results support the hypothesis that SCI is associated with an increased risk of CVD.
There are possible limitations to the current study. First, the data are derived from a cross-sectional study design; therefore, it is impossible to determine whether SCI preceded the stroke or heart disease. However, we did perform a sensitivity analysis, restricting the study sample to a group of younger individuals, to reduce the likelihood that stroke or heart disease preceded SCI. The increased odds of both stroke and heart disease persisted, but had very wide CIs due to the reduced power (results not shown).
Another limitation of this study is the lack of detailed neurologic and cardiovascular examination records. The CCHS provides no information on neurologic level, completeness of injury, etiology of SCI, or class of heart disease and stroke. The variable "heart disease" may, for example, include nonatherosclerotic heart disease (such as rheumatic or congenital heart disease). However, the prevalence of these conditions compared to atherosclerotic-related heart disease is relatively small. In addition, although the data are from selfreport, self-reported heart disease and stroke have been validated against clinical records in other studies, demonstrating a relatively high accuracy of self-report, generally with higher specificity than sensitivity. 35, 36 Any misclassification of these outcomes would likely be nondifferential by SCI status, which tends to bias effect sizes toward the null. With respect to SCI status, the prevalence rate reported here was surprisingly high. However, if misclassification of SCI status occurred, it would likely Table 3 ORs (95% CI) for heart disease and stroke (probability-weighted) occur for less severe "injuries." Given that completeness and severity (neurologic level) are correlated with cardiovascular risk, 37 the inclusion of these individuals with less severe injuries would likely dilute the reported effect size, and would also likely be nondifferential by outcome status.
These limitations notwithstanding, the drastic increased odds of CVD among individuals with SCI is an impetus for future investigations. Although there is physiologic plausibility for a causal relationship between SCI and CVD, future research is needed to better understand this and whether interventions can modify CVD risk. Additional cohort and case-control studies, or links with clinical records, with the use of SCI-specific registries, such as the Rick Hansen Spinal Cord Injury Registry, 38 are needed to build on this evidence. Results from this study may inform the data collected prospectively in such registries (e.g., the type and severity of stroke/heart disease, age at onset, etiology of SCI, neurologic level, and completeness). Finally, since heart disease is also a risk factor for stroke, this further highlights the need for epidemiologic studies to examine temporality, causality, and possible interactions between heart disease and stroke in the context of SCI.
Moreover, current clinical practice guidelines for the management of CVD following SCI are by and large based on short-term "efficacy" outcomes; thus these results may better inform clinical practice guidelines for individuals with SCI. 39 In addition, findings from this research will be important from a health care planning perspective since there is a change in the epidemiology of SCI-an increase in the average age for traumatic SCI and a rise in nontraumatic SCI. 32 In sum, research of this kind will ultimately lead to interventions and targeted prevention strategies addressing modifiable risk factors for CVD in individuals with SCI.
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